Cotton plants (Gossypium hinaum L.) grown on deficient levels of N exhibited many of the characteristics associated with dronght resistance. In N-deficient plants, leaf areas and leaf epidermal cells were smaller than at the same nodes in highN plants. N-deficient Drought resistance of plants, and the water deficit-induced development of characters associated with drought resistance (adaptation) have received much attention in recent years (1-3, 8, 9, 19). Characters which could have adaptive value include decreased leaf size and shoot: root ratio, often with increased root dry weight (2); decreased succulence (% water) (3, 5); decreased loss of water per unit change in '1 (1, 2, 19); and osmotic adjustment (8, 9).
ence in solute concentration was not from organic acids, which were almost unchanged. Sugar concentrations could account for only about 25% of the difference.
Leaves of N-deficient plants contained considerably more dry matter per unit moisture. Most of this difference in dry weight was in the cnrde cell wail fraction. The pressure-volume curves and other indirect evidence strongly suggested that ceUl walls of N-deficient leaves were substantially more rigid than cefl walls of high-N leaves. The effects of N deficiency on cell wall properties mimc the changes which occur during drought adaptation.
Drought resistance of plants, and the water deficit-induced development of characters associated with drought resistance (adaptation) have received much attention in recent years (1-3, 8, 9, 19) . Characters which could have adaptive value include decreased leaf size and shoot: root ratio, often with increased root dry weight (2) ; decreased succulence (% water) (3, 5) ; decreased loss of water per unit change in '1 (1, 2, 19); and osmotic adjustment (8, 9) .
Many of these responses are the same as or similar to responses to N deficiency (7, 12) . Thus, the question may be posed whether N nutrition can affect drought adaptation. Because NO3 assimilation is' quite sensitive to water deficit (21) , any effects of N deficiency also need to be assessed in terms of their possible role in adaptation induced by water deficit. In this paper we compare the water relations of leaves from N-deficient plants to those of leaves from normal plants. In After 24 h at 30 C in a lighted growth cabinet, the leaf pieces were blotted, reweighed, then dried for 24 h in a forced-draft oven at 70 C for dry weight determination. RWC was calculated according to Slatyer (23) .
Immediately after removal of the small segments, leaves were transferred to a pressure chamber (Soilmoisture Equipment Co., Santa Barbara, Calif.) and I determined by standard techniques (10) . All measurements were made in early afternoon, at the time of minimum I. Segment excision had no apparent effect on determination of I.
Pressure-induced Exudation. Small interveinal segments were excised from leaf blades of intact well-watered plants, and the RWCs were determined as above. Leaves were then cut from the plant and placed in the pressure chamber. A thin tapered glass tube (made from a Pasteur pipette tip bent to an acute angle) was placed over the cut end of the petiole and sealed to it with silicone stopcock lubricant. The pressure was raised to the threshold for exudation, then slowly increased further in increments of 2 to 4 bars. After each step, gas escaping through the cut end of the petiole forced droplets of exuding sap through the tube. The sap was collected in a preweighed glass vial and the amount collected was followed as increase in vial weight. The Starch was extracted and determined by a procedure slightly modified from Guinn (6) after removal of all sugars and other soluble compounds. Digestion with a-amylase (Sigma Chemical Co.) was carried out as described (6) , except that 1 mg PVP-10/ mg sample was included in the incubation buffer. Insoluble protein (which comprised virtually all of the protein in dried cotton leaves) was analyzed by digestion of the starch-free residue in H2S04, followed by determination of ammonia by modified Con- way diffusion (17 (Fig.   1, lower half) . The difference in leaf area was 19%o at node 1, the oldest node, and gradually increased to 60%o at the fifth node. This effect of N was mediated mostly by cell size. Cell areas in the lower epidermis suggested a very strong effect of N, superimposed upon a trend of gradually decreasing size from oldest to youngest leaves (Fig. 1, upper half) . Above the youngest node of full leaf expansion, there were sharp breaks in the plots of cell size, suggesting that most of the leaf expansion at this stage of development resulted from cell expansion rather than increase in number.
Leaf RWC and I. Decreased leaf area and smaller leaf cells are characteristics of water-stressed plants as well as N-deficient plants (2). Cutler et aL (4) developed a simple model which suggested that cell size is an important factor in drought adaptation of developing leaves. Our plots of leaf I versus RWC during drying showed that low-N plants were considerably more resistant to dehydration than high-N plants. The low-N leaves lost only about half as much tissue water per unit change in I as did high-N leaves (Fig. 2) . The regression coefficients (slopes) were significantly different (P > 0.95) between treatments for all leaves examined except the fourth. In addition, low-N leaves retained a considerably higher RWC at all water potentials encountered during the cycle.
An interesting point is that under well-watered conditions, the minimum I (early afternoon) of low-N plants was consistently to 2 bars lower than in high plants (Fig. 3) . Such a difference could have arisen either from greater resistance to flow between the source and the leaves in low-N plants (perhaps in the roots), or from a lower diffusive resistance to water vapor removal from leaves of low-N plants. The yields the osmotically inactive volume ofwater, presumably bound mostly in the cell walls. Although there are errors inherent in such extrapolations (24) , this fraction of RWC was the same for both treatments at all nodes studied (Fig. 4) .
Leaf Analyses. Table I shows a partial compilation of the constituents of low-N and high-N leaves. Low-N plants contained considerably more dry matter per unit water than did high-N plants. Slightly more than half of this difference was found in the crude cell wall fraction, with starch plus sugars contributing another 30% of the difference. The difference in soluble sugar concentration was enough to cause about a 0.5-bar difference, or about one-fourth to one-half of the apparent difference shown in Figure 4 . The remainder of the differential in Is could have arisen from the "other" fraction (largely minerals) or perhaps from differences between treatments in the partitioning of water (especially the fraction of cell water in the vacuole, in which most of the solutes reside).
Assuming that in the fifth leaf, 10% of the bulk water resides in the cell walls (Fig. 4) , then Table I yields hydration values of about 3 g water/g cell wall dry weight and 2 g water/g cell wall dry weight for the high-N and low-N cell wall fractions, respectively. Despite the implied structural differences in the walls of the two types of leaves, tests with phloroglucinol-HCI failed to reveal any lignification except in the vascular bundles.
DISCUSSION
It has been known for many years that N-deficient plants are xeromorphic (11) . In bean, the major structural effect of a severe N deficiency was to increase the proportion of cell wall material (22) . In cotton, we find that the structural difference of greatest as diffusive resistances were actually greater in low-N plants (15). Pressure-Volume Relationships. Water potential-RWC curves were also generated by pressure-induced exudation of sap (20, 24) , with volume change converted to leaf RWC and plotted against the reciprocal of applied pressure. From these pressure-volume plots, low-N leaves maintained positive turgor to slightly higher pressures (low l/P) than did high-N leaves (Fig. 4) . At the same time, the RWC for apparent zero turgor was greater in low-N leaves. These data show that low-N leaves maintained turgor to a lower than high-N leaves, and that they were less desiccated in the process (the latter point is also demonstrated in Fig. 2 (25) . Therefore it seems possible that some of the adaptation to drought could be manifestations of water stress-induced N deficiency. A specific mechanism by which N availability might affect cell wall metabolism has not been suggested. As an alternative, the data can be interpreted to mean that any treatment which slows leaf expansion more than photosynthesis should increase drought adaptation, and that both water deficit and N deficiency independently perform this function. This interpretation must be advanced cautiously, because N deficiency has a strong effect on photosynthesis (13, 18) . Although it is generally accepted that water stress affects leaf expansion before it affects photosynthesis (8), little comparable data exist comparing the sensitivity of these two processes to N deficiency. A third interpretation is that the responses to N deficiency result from the lowering of (Fig. 3) , and are simply a response to induced water stress. The small difference between the two treatments suggests that this mechanism might play only a minor role.
Plant Physiol. Vol. 64, 1979 Leaves which are adapted to drought differ not only in wall properties, but also in 'P (8, 9) . The magnitude of osmotic adjustment during adaptation is much greater than the small differences in 'P brought about by N deficiency. Water deficit also causes a massive increase in the ratio of malic to citric acid (3, 5) . In contrast, N deficiency in cotton caused little change in the organic acid ratio. These important differences between the effects of N deficiency and water deficit strongly suggest that osmoregulation is independent of N status.
